The purpose of this study was to determine the safety and effectiveness of ketamine and lidocaine infusions for the management of pain in surgical critically ill patients. This is a retrospective case series with a total of seven patients aged 18 years or older, had ICU stay at least 24 hours, and received concurrent use of systemic lidocaine and ketamine infusions as an adjunct therapy for pain management were enrolled between March 2014 to August 2015. The primary outcomes included the time measurement to achieve a 20% reduction in pain scores after the initiation of lidocaine and ketamine and the difference in opioid requirements pre and post concurrent pain therapies. Secondary outcomes include development of adverse events while on dual therapy. The median time to achieve a 20% pain score reduction was 2 hours. The median opioid requirements was reduced comparing prior to the ketamine and lidocaine infusions and 24 hours while on dual therapy (morphine dose equivalent 90.33 mg vs. 56 mg). Two neurological adverse events were noted. The results of this study suggest that low-dose lidocaine and ketamine infusions can be a safe and effective adjunctive treatment option for selected ICU patients with severe pain. However, future studies need to be conducted to determine the safety and effectiveness of concurrent use of lidocaine and ketamine infusions aside from surgical ICU patients.
. INTRODUCTION
Critically ill patients may have several sources of pain including underlying illness, procedures, interventions while in the intensive care unit (ICU), and others. The Society of Critical Care Medicine (SCCM) guidelines on pain, agitation, and delirium address goals for pain management including to provide optimal patient comfort [1] . The other goals for pain management are to be patient-specific and to limit the adverse effects related to analgesic therapy. There are two options for pain to be managed in the ICU: opioids or nonopioids. Additionally, there are various routes for medication administration such as continuous intravenous (IV) infusion, IV bolus, oral, or other (i.e., transdermal, intranasal, mucosal).
IV opioids are primarily used to resolve pain in the ICU due to its effectiveness and quick onset of action. However, there are several side effects that limit its use as well. Opioids depress the central nervous system (CNS) which can cause somnolence and hallucinations. Furthermore, respiratory depression can be observed leading to longer days of mechanical ventilation or re-intubations. Other side effects that can be observed include ileus, urinary retention, hypotension and pain tolerance which can further prolong ICU and hospital stay [2] .
The SCCM guidelines promote the use of multimodal approach to attempt and limit the use of opioids [2] . Both lidocaine and ketamine infusions are non-opioid options for the treatment of pain. Lidocaine is a sodium channel blocking anesthetic with recent data to support its use as an adjunct analgesic agent for various types of pain, including pain from surgery or neuropathy [3] [4] [5] . Ketamine is a N-methyl-D-aspartate (NMDA) receptor antagonist to block nociceptive and inflammatory pain transmission [6] .
Lidocaine and ketamine have promising roles in pain management in the ICU due to the fast onsets of action (7 to 30 minutes for lidocaine and 30 seconds for ketamine) and lack of respiratory depression. However, the safety and effectiveness of concurrent use of both infusions as adjuncts for pain in the ICU setting have not been well studied [3] [4] [5] .
The purpose of this study was to determine the safety and effectiveness of ketamine and lidocaine infusions for the management of pain in surgical critically ill patients.
RESULTS
A total of seven adult surgical ICU patients received lidocaine and ketamine infusions concurrently and were initiated simultaneously. Patients were stratified to: vascular (n=2), plastic (n=2), burn (n=1), trauma (n=1), and liver transplant (n=1) surgeries. The median age was 49 years, ranging from 31 to 67 years. Chronic opioid pain management was reported in 6 of 7 patients. Pain scores were assessed every two hours per protocol. Baseline median pain score was 8 using the adult nonverbal pain scale (ANVPS) ( Table 1 ). Ketamine infusion rate was 0.06 mg/kg/hr and lidocaine infusion rate was 0.5 mg/min upon initiation. The median time to a reduction in 20% pain scores from the start of both lidocaine and ketamine was two hours. At the median time of two hours of observing reduction of pain scores, the median ketamine infusion rate was at 0.5 mg/kg/hr and lidocaine was at 0.75 mg/min. When opioid requirements were compared 24 hours prior and 24 hours of concurrent lidocaine and ketamine IV infusions, 4 out of 7 patients showed a decrease in the need for opioids (morphine dose equivalent 90.33 mg vs. 56 mg). Lidocaine was weaned off prior to ketamine therapy in 4 of the 7 patients. The median duration of lidocaine and ketamine therapies was 32 hours and 52 hours, respectively. Table 2 contains patient demographics, average infusion rates, and outcomes. Two significant adverse drug reactions were reported. Patient case 5 was a 63-year-old male with a history of chronic alcohol abuse with infected thoracic spine wound. The patient developed altered mental status, tremors, and left-sided facial droop while receiving lidocaine infusion at 2 mg/min for 43 hours and ketamine at 4 mcg/kg/min for 39.5 hours. A magnetic resonance imaging (MRI) of the brain was performed, which was negative for a stroke. Lidocaine level was elevated at 6 mcg/ml. The improvement in mental status was noted 6 hours after the discontinuation of lidocaine and ketamine. The Naranjo Adverse Drug Reaction Probability Scale (NADRPS) classifies this as a probable ADR (score of 5) [8] .
Patient case 7 was a 67-year-old female with a history of fibromyalgia, carpal tunnel, and peripheral neuropathy admitted for a nerve block complication. The patient was receiving lidocaine patches prior to admission but was not continued while inpatient. The patient developed altered mental status, nausea/vomiting while receiving lidocaine at 0.5mg/min for 11.5 hours and ketamine infusion at 10 mcg/kg/min for 10.5 hours. A lidocaine level was not drawn. The improvement was noted 5.5 hours after lidocaine and ketamine discontinuation. It cannot be determined if the altered mental status was contributed by lidocaine, ketamine, or both since the therapies were discontinued simultaneously. The NADRPS classifies this as a possible ADR (score of 4) [8] . Table 2 . This is the patient data for research. a F = female, M = male; b h = hours; c kg = kilograms; d mg = milligram; e min = minutes.
DISCUSSION
Continuous lidocaine IV and ketamine IV infusion therapies have been separately evaluated for its effectiveness for the management of pain as adjunct therapies to opioid-based regimen. Both therapies have shown effectiveness in reducing opioid consumption especially in post-operative patients [3, 7] . These findings are particularly important since the SCCM guidelines have recommended to reduce opioid use due to the adverse events particularly CNS and respiratory depression. The guidelines strongly suggest the use of multimodal approach through the use of other agents such as acetaminophen, ketamine, dexmedetomidine, nonsteroidal anti-inflammatory drugs (NSAID) and gabapentinoids [1] .
A study evaluating 21 ICU patients received IV lidocaine infusion for adjunct pain therapy statistically received less morphine dose equivalents at 6, 12, and 24 hours (p=0.002, p=0.002, and p=0.037, respectively). Neurological adverse events were noted in 14% of the patients [3] . A meta-analysis evaluated continuous IV infusion or single dose low dose ketamine for post-operative pain. The authors included 39 trials and showed a mean reduction of 40% of opioid consumption using low dose ketamine. No major complications were noted in the meta-analysis [7] .
Of note, this is the first study evaluating the concurrent use of lidocaine and ketamine infusions as adjunct pain therapy in critically ill patients. This is a retrospective case series with a small sample size and no control groups are inherent limitations to the study. However, the results of the study helped develop lidocaine and ketamine infusion protocols for use at the study institution.
CONCLUSION
The results of this study suggest that low-dose lidocaine and ketamine infusions can be a safe and effective adjunctive treatment option for selected ICU patients with severe pain. However, future studies need to be conducted to determine the safety and effectiveness of concurrent use of lidocaine and ketamine infusions aside from surgical ICU patients.
MATERIALS AND METHODS

Study design
This was a retrospective case series of adult surgical ICU patients who received lidocaine and ketamine as adjunct to opioids from March 2014 to August 2015. The institutional review board approved this study (SPHS2015-003) for proper ethical and research standards.
Patient population
The study included patients aged 18 years or older, ICU stay of at least 24 hours, and concurrent use of systemic lidocaine and ketamine infusions as adjunct therapies for pain management. The eligible patients were identified by querying the electronic medical record (EMR) data for any patients who received both therapies. The exclusion criteria includes insufficient data (i.e., pain score, medications administered), patient less than 18 years, and non-critically ill patient. A manual chart review was performed on each patient. Data collected includes patient demographics, average dose of lidocaine and ketamine, opioid medications received, adverse events that occurred during receipt of lidocaine and ketamine, and duration of the dual therapy.
Outcomes
The primary outcomes included the time measurement to achieve a 20% reduction in pain scores after the initiation of lidocaine and ketamine and the difference in opioid requirements pre and post concurrent pain therapies. Secondary outcomes include development of adverse events while on dual therapy. These outcomes were selected as previous studies have evaluated the same outcomes [3] . The primary author evaluated all the patients and their outcomes for consistency.
Data analysis
Data were summarized using descriptive statistics.
